
(Twice Amended) A late transition metal catalyst system for^fcolymerization _/ 7 _~ 
(oleiinjmojromers comprising a Group-9,"i0 or-4 1 metal conrolex-stabilized-by a 
bidentate ligand immobilized on a solid support where the lafe transition metal 
loading is less than 100 micromoles transition metal compound per gram of solid 
support > -the-Group-9rrO-or-44- mctal co mplex-stattiized4>y-a4>identate4tgand-ef ,-. I 



4he-formular 



LMX r 




wherein; is a Group 9, 10 or 1 1 metal;!, is a bidentate ligand defined by the 
formula: 



E E- 



■Rn 




(wherei^A is a bridging group containing a Group 13-15 element; (each E is 
independently a Group 15 or 16 elemenMfonded to M;^ach R is independently a 
C1-C30 conjS^ing radical or diradical group which is a hydrocarbyl, substituted 
hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-substituted 



organometalloid, halocarbyl-substituted organometalloid,^ and n are 
independently 1 or 2 depending on the valency of E; and p is the charge on the / \ 
bidentate ligand such that the oxidation state of MX r is satisfied; feach X is, 
independently, a hydride radical, a hydrocarbyl radical, a substituted hydrocarbyl 
radical, a halocarbyl radical, a substituted halocarbyl radical, hydrocarbyl- 
substituted organometalloid or halocarbyl-substituted organometalloid^^two Xs 
are joined and bound to the metal atom to form a metallacycle ring containing y 
from ab^t 2 to alffiutjO carbon atoms^T neutral hydrocarbyl-containing donory 



;ut 



^ligand; a univ alent anionic ligand ^rtwq Xs are joined to form an anio nic^ 
chelating ligand^T a neuprallion-hydrocarbyl atom containing donor ligandjpind 



r is 1, 2 or 3. 
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.--2: 




Jul ^ 



•The ra i alysl sys; 



claim 1 whcre ift 



lie catalyst s ( 
supported-eatatysfe 



r. 



m of Hnim 1 ^vh ^H n flvMrup p^rt ^ ri c a tal yst is a hnmogfrrm ifr 



The catalyst 3ygt<5m o£claim 1 whe re in th e met al-Gompk 
complex. i/^^ 

e-catalyst system of claim 4 -comprising a Group : 9,„ 1 0_or 1 1 metal complex — 
bidentate ligand structure g coiy«gated-gFeups-on-a-bridging 




element i n s aid lig and- o*-*' e K 



(T^ee Amended;) A late transition metal catalyst sys>t£m fo^polymerizationpf^ i^tfr* 
olefin molioi^rs^mpi^^ com|^ex stabilizefi^ya 

bidentate ligand, and:anraqgaaQaLuminui^ on a solid 



support, the-^jroup-9r^©"TO^ 



the^GnnuIa: uj^h ?^ 



Imetal c<flnplex- ^b iliz ed4 >y--aJ3idei^ 



LMXr -tv 




whereirnM is a Group 9, 10 or 1 1 metal; 'L is a bidentate ligand defined by the 
formula: 



-E E- 



■Rn 




wherein-A is a bridging group containing a Group 13-15 element; *each E is . A - ] 
independently a Group 15 or 16 element bonded to M; each R is independently a 
C1-C30 con^iing radical or diradical gepup which is a hydrocarbyl, substituted 
hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-substituted / \^ 
organometalloid, halocarbyl-substitutep organometalloid. 4rTand n are / U ^ 
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independently 1 or 2 depending on the valency of E; and p is the charge on the 
bidentate ligand such that the oxidation state of MX r is satisfied; £ach xlsj 
independently, a hydride radical, a hydrocarbyl radical, a substituted hydrocarbyl 
radical, a halocarbyl radical, a substituted halocarbyl radical, hydrocarbyl 
substituted organometalloid or halocarbyl-substituted organometalloidrortwo Xs 
are joined and bound to the metal atom to form a metallacycle ring containing 
from about 2 to about 20 carbon atoms ^a neutralTiydrocarbyl-containing donor _^ 
^lg and; a un ivalen^ ligan^ /SrtwoXs arejoined to form an anionic 
chelating ligand^ or a ne utral non-hydrocarbyl atom containing donor ligan^and 
is 1, 2 or 3. 



V\tuJ 



(0 



i 7. 






aim 6 wherein the organoaluminum compound is an 



-^}/ The catalysts; 
alumoxane; 

\ " =7 * euj CAc A - 

The catalyst of^^m 7 wherein the metal complex to alumoxane molar ratio is 
from abouM :500 tivlO: 1 . 



The catalyst sj^em of claim 6 wherein the Group 9, 10 or 1 1 metal complex is 
represented by the formula: 



LMX r 



\ 



wherein L is a bidentate ligand that stabilises a square planar geometry and 
charge balances the oxidation state of MX r ;\c is independently selected from the 

group consisting of a halogen^ alkoxide, arylokide, amide, phosphide or other 

/ \ 
/ \ 

univalent anionic ligand, or two such X arejoined to form an anionic chelating 
\ ligand; and r is 0^,2 or 3. \ 

hOr-V'The catalysi sys^nrofrlairrr^^hereii^ s^ port comprises silica. 



CP- 



c upport€ 
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., _JZ*J*--^e-cat alysl sy^mtjf claim 6 whe ieiu Q i eni et al c o mpl 
complex^- 



13. 



(Tj^ce Amended; Ajate^hansitiflnjoetalcatalyst system essentially without 



residual solvent . foV^olymerizationl^lerlnhnono^mers comprising a Group-9,-40 
or4 1 metal complex stabilized-by a bidentate ligand immobilized on a solid 
support, theJ3roup-9 r 4^-or--l ljnetal-complex-stebilized by a bidentate 4igand of 
the formula: frJpQ/s,*. -rj-x & ^O^Mi^J / '>'. y ' 



whereinM is a Group 9, 10 or 1 1 metal; L is a bidentate ligand defined by the 



E E- 



"Rn 



^7 



. ~\ -■- — ' """ n&jl'f. - ) 

wherein A is a bridging group containing a Group ,13- 15 element, each E is 
'■• — c 1 / Y 

independently a Group 15 or 16 element'bonded to M;,Q&ch R is independently a 

C1-C30 containing radical or diradical group which is a hydrocarbyl, substituted 



hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-siAstitoted^^^ ^ ji f ^ 

organometalloid, halocarbyl-substituted organometalloid/m and n are .)\ 

^^i^^l/^f V J 
independently 1 or 2 depending on the valency of E; andpis the charge on the ✓ 

neuj}twi ( [ 

bidentate ligand such that the oxidation state of MX r is satisfied;* each X is, ^ 
independently, a hydride radical, a hydrocarbyl radical, a substituted hydrocarbyl 
radical, a halocarbyl radical, a substituted halocarbyl radical, hydrocarl 
substituted organometalloid or halocarbyl-substituted organometalloid; 
are joined and bound to the metal atom to form a metallacycle ring containing 



fro m about 2 to about 20 carbon ato ms^aneutral hydrocarbyl-containing donor 
ligand; a univalent anionic ligandj-ortwolSare joined to form an anionic 





G:\LAWD(X:UME^ B for 96b035 us 1.1 16response.doc 



n chelating ligand;(or a neutral non-hydrocarbyl atom containing donor ligand; and 
, t JW 6//>risl,2or3. 



14 The^tdysr^emT»f^atmT3^h^^ 

-4-5^ ^e^talyst^ystem^f^aim4-3^herein^e^upported^talysUs^4iGmogeneous _ . 

supportedxatalyst. r^r, L'K 3^- /I — /JfLO cj*'"^ 



06: 



lyst^&errrofclaim l3"whereihtHe metaixomplex4s^^retro^nnetal / 

,•-1 ,o ^^.cJ* 



17. (T^i ce Amended) The catalyst system ofdak»4# wherein sakfccomplex has 
^ been treated with a noncoordinating anion precursor to form a)/ ip'nfc catalyst 

comprising a metal cation and a noncoordinating anion. / / - <v // £ T 

1 8. The catalyst system of claim 1 7 wherein the noncoordinating anion is £ / 
tetrakis(perfluorophenyl)boron. 

19. (T^?m^ Amended) The catalyst system of claim 17 wherein the noncoordinating 
anion precursor is a halide salt of Group-lM6 metals or metalloids. 

20. (T^ce Amended) The catalyst system of claim 19 wherein the metal-complex to - 
—noncoordinating anion -precursor molar ratio is from ^t^ut^lO:! to 1:10. 

21 . (Twice Ajnended)\^Tie catalyst system of claim 1 wherein said complex has been 
treated with a noncopi^ating anion precursor to form an ionic catalyst ^ 
comprising a ipefal^ation^and a noncoordinating anion. ^ ^ ' ^ 

22. ^j£Ehe polymerization process for polymerizing olefinically unsaturated monomers 

comprising contacting one or more of ethylene, C3-C20 olefin, C4-C20 cyclic 
olefin, C4-C20 non-conjugated diolefin, C8-C20 aromatic substituted olefin, C4-C20 
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gem-substituted olefins, or (^^[^^^piefin macromer with ^ catalyst system 
ofclaim/K /~7 

23. x The polymerization process of claim 22 comprising conducting s^kfcontacting 
fp \A ) under gas phase polymerization conditions. 



24. The polymerization process of claim 23 wherein the reactor temperature is frpm^ 
100 °C to 150 °C and at a pressure up to 7000 kPa. 



25. The polymerization process of claim 24 additionally comprising a scavenging 
compound. 

— \ -fit 

26. The polymerization process of claim 22 comprising conducting s^kfcontacting 



under slurry polymerization conditions. 

jJ ' 



/ 



27. / ilie polymerization process ofclaim 26 wherein the reactor temperature is from 0 
°C to 1 50 °C and at a pressure from 0.76 MPa to 4.8 $M 



28. The polymerization^rocess for polymerizmg^ unsaturated monomers 

comprising contacting ofteKi^mor^ofethylene, C3-C20 olefin, C4-C20 cyclic 
olefin, C4-C20 non^cdnjugated dioleFm^-Qg-Cao aromatic substituted olefin, C4-C20 
gem-su£s 
ckfim6. 



ted olefins, or C20-C1000 olefin macromer with the catalyst system of 



29. 



30. 



The polymerizafronprocess for polymertzing olefinically unsaturated monomers 
comprising contacting o^^more of ethylene, C3-C20 olefin, C4-C20 cyclic 
olefin, C4-C20 ^n^-c6njugated diolefi&T^fr^o^omatic substituted olefin, C4-C20 
gem-substituted olefins, or C20-C1000 olefin macromer with the catalyst system of 
claim 13. 

(Qrjoe Amended) The catalyst system of clainyf wherein LMXr has a square 
planar geometry. 
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